The effects of longstanding non-steroidal antiinflammatory drug (NSAID) treatment on gastric mucosal synthesis of leukotriene B4 (LTB4), leukotriene C4 (LTC4), and prostaglandin E2 (PGE2) was studied. Gastric antral biopsies in 65 patients with arthritis taking NSAIDs and 23 control patients were taken and eicosanoid concentrations, stimulated by vortex mixing or calcium ionophore, were measured by radioimmunoassay. Median gastric mucosal synthesis of LTB4 was increased in patients taking NSAIDs compared with non-users: (0 9 (0 2-2 5) pg/mg v 0 (0-0.6) pg/mg (p<0001)). These differences persisted when subgroups of patients were analysed according to Helicobacter pylon colonisation or degree of mucosal injury. Synthesis of LTB4 was strongly associated with the presence of type C (chemical) gastritis. Increased synthesis of LTC4 was associated with Helicobacter pylori colonisation but not NSAID use. Synthesis of PGE2 was decreased in patients taking NSAIDs compared with control patients (p<0001). Enhanced gastric mucosal synthesis of LTB4 in patients taking NSAIDs may represent a primary effect of these drugs and could be implicated in the pathogenesis of gastritis and ulceration associated with NSAIDs.
Non-steroidal anti-inflammatory drugs (NSAIDs) are associated with gastric mucosal injury that may result in peptic ulceration, upper gastrointestinal haemorrhage, and perforation.' Mucosal injury is often ascribed to the well established ability of NSAIDs to inhibit synthesis of prostaglandins, as prostaglandins stimulate mucosal defence mechanisms such as secretion of mucus and bicarbonate and enhance mucosal blood flow. 23 Profound inhibition of synthesis of prostaglandins can occur in the absence of mucosal injury,4 and depletion of mucosal prostaglandins may be only one of several factors responsible for the pathogenesis of injury related to NSAIDs.
Theoretically, as a result of substrate diversion of arachidonic acid, inhibition of cyclooxygenase by NSAIDs may lead to the increased formation of the leukotriene series through the 5-lipoxygenase pathway. Leukotrienes 16 Where mucosal protection has been shown it does not correlate well with potency of inhibition of 5-lipoxygenase and could be due to another property such as oxygen radical scavenging. Enhancement of gastrointestinal synthesis of leukotrienes by NSAIDs in humans has not hitherto been shown and experimental evidence is conflicting; indomethacin has been reported to enhance synthesis of LTB4,'7 have no effect on synthesis of LTB4,'8 and inhibit synthesis of LTC4, albeit to a lesser extent than its effects on prostaglandins'9 in the rat stomach.
To clarify a possible role for synthesis of leukotrienes in damage caused by NSAIDs we investigated the effects of long term NSAID treatment on gastric mucosal LTB4, LTC4, and prostaglandin E2 (PGE2) concentrations in patients with arthritis compared with control subjects not taking NSAIDs. We correlated these findings with endoscopic mucosal damage, the presence or absence of Helicobacter pylori, and the degree of histological gastritis. 
VALIDATION OF ASSAYS
Intra-assay coefficients of variation were 3-8% for LTB4, 3-9% for LTC4, and 2-5% for PGE2 (n= 10). Interassay coefficients of variation were (Table II) . Leukotriene B4 Treatment with NSAIDs, gastritis, and use of second line treatment were the only independent variables identified as exerting a significant influence on synthesis of LTB4 in the multivariate analysis. Median gastric mucosal synthesis of LTB4 in patients taking NSAIDs as determined by vortex mixing was 0 9 (0-2-2-5) pg/mg (n=65). This was significantly higher than the value of 0 (0-06) pg/mg seen in controls (n=23, p<0001, Fig 1) . Similarly when synthesis of LTB4 was stimulated by calcium ionophore there was also a significant increase in LTB4 concentrations found in NSAID users (1 5 (0 3-2 6) pg/mg (n=60)) compared with non-users (0 (0-01) pg/mg (n= 14)) (p<0 01).
The increase in synthesis of LTB4 seen in patients taking NSAIDs remained significant when the subgroups who were Helicobacter pylori positive or negative were analysed separately. Fig 3) . By contrast no such trend was seen with synthesis of LTC4. In NSAID users with ulcers or erosions synthesis of LTC4 was 1 9 (12-3 1) pg/mg LTC4 (n=22) compared with [2] [3] [4] [5] [6] [7] [8] (1-2-3-7) pg/mg (n=20) in those with a normal mucosa (p=0 4).
CORRELATION OF SYNTHESIS OF LEUKOTRIENE WITH GASTRITIS
Synthesis of LTB4 was also measured in patients according to the histological state of antral biopsies. All controls with type B (active) gastritis were Helicobacter pyloni positive with LTB4 values of 0 (0 0-0 4) pg/mg, whereas those who were Helicobacter pylon negative all had a normal histological appearance and values of 0 (0-0-1 0) pg/mg. In patients taking NSAIDs those with type C (chemical) gastritis synthesised LTD4 concentrations of 2-2 (0-4-3 0) pg/mg, significantly higher than 0-6 (0 0-0 9) pg/mg in patients with a normal mucosa (p<0008). Patients with type B gastritis synthesised 1-0 (0 4-2 6) pg/mg, again significantly higher than those with a normal mucosa (p<002, Fig 4) tissue of patients with rheumatoid arthritis or spondyloarthritis25 and it is possible that this was a confounding variable. As most patients with rheumatoid arthritis take NSAIDs it may be difficult to discriminate between these factors. We also found an independent correlation between second line treatment and increased LTB4 concentrations that may either reflect a pharmacological effect or a correlation with disease activity. The confounding use of second line drugs does not explain the increased synthesis of LTB4 seen in patients taking NSAIDs overall. Dexamethasone has also been reported to suppress leukotriene activity in vitro" although we found no effect of low dose prednisolone in this study. Similarly, although smoking is known to suppress gastric mucosal cyclo-oxygenase activity2627 we found no correlation with synthesis of LTB4.
Accurate assessment of mucosal eicosanoid concentrations is notoriously difficult. Biopsy trauma is itself a stimulus to the synthesis of eicosanoids, but tissue fragments used for short incubation periods overcome the problems of tissue viability and both mechanical and chemical stimulation of synthesis of leukotriene are well established methods ofgeneration under standardised conditions.2829 Extraction procedures were the same in patients and controls and values can be regarded as an index of the capacity of the mucosa to synthesis eicosanoids.
Previous studies in humans have shown that synthesis of leukotrienes correlates with gastroduodenal mucosal injury. In patients with duodenal ulcers gastric and duodenal mucosal synthesis of LTB4 and synthesis of LTC4 were raised compared with controls and were significantly reduced after the ulcer healed.30 Similarly we found a trend towards higher synthesis of LTB4 in patients with endoscopic evidence of injury. Increases of both LTB4 and LTC4 have also been reported with gastritis associated with Helicobacter pylori.3'32 We also found enhanced synthesis of LTC4 associated with Helicobacter pylori colonisation. There was, however, no significant enhancement of LTB4 associated with Helicobacter pylorn colonisation among patients taking NSAIDs. Values were too low to judge. whether there was any effect associated with Helicobacter pylo7i colonisation in controls.
Our study does not identify the mechanism by which NSAID treatment leads to enhanced synthesis of LTB4. Although the possibility that inhibition of cyclo-oxygenase results in diversion of the substrate arachidonic acid down 5-lipoxygenase pathways has been much discussed it has been difficult to confirm. In vitro concentrations of indomethacin that completely block cyclo-oxygenase seem to increase production of 5-hydroperoxy-eicosatetraenoic acid (5-HETE), another lipoxygenase product in leukocytes. 33 More recent reports suggest that acute indomethacin induced gastric mucosal injury in rats is accompanied by neutrophil adherence to mesenteric microvascular endothelium and that the severity of gastric injury can be greatly reduced by prior neutrophil depletion with neutrophil antibodies. 26 Moreover neutrophil adhesion to the endothelium seems to correlate with increased LTB4 concentrations and adhesion is prevented by inhibitors of the synthesis of leukotrienes.39 This finding suggests a direct interaction between NSAIDs, synthesis of LTB4, and mechanisms of subsequent mucosal injury. Measurement of gastric mucosal leukotrienes in humans after acute dosing with indomethacin and other NSAIDs and investigation of the effects of other inhibitors of 5 lipoxygenase will be necessary to define more precisely the role of leukotrienes in mucosal injury related to NSAIDs.
In conclusion, we have shown that enhanced in vitro synthesis. of LTB4 by human gastric mucosa occurs with NSAID use and is strongly associated with type C gastritis. There are reasons to believe that the association may be a primary affect of drug treatment, which could mediate some of the pathological changes associated with NSAID use rather than a secondary consequence of these changes. 
